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Abstract 
In the framework of a French Joint program COVADIS, an innovative system is developed for the simultaneous 
detection of benzene, toluene and xylenes in indoor air. The present work is mainly focused on the benzene detection. 
The detection is based on absorbance measurements over the 250 nm-300 nm range with a cooled spectrophotometer. 
The prototype includes an exposure chamber, which contains five sensors. The sensors are nanoporous disks, whose 
pore sizes are tailored to efficiently entrap the targeted pollutants. 20 ppb of benzene have been successfully detected 
within 40 minutes of exposure. 
© 2012 Published by Elsevier Ltd. 
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1.Introduction 
Benzene, toluene, and xylenes (BTXs) are volatile aromatic monocyclic hydrocarbons of significant 
health concern due to their toxicity. In particular, benzene is a well-known human carcinogen. 
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Indeed, according to [1], the concentration of airborne benzene associated with an excess lifetime risk of 
10-5 is 17 ug/m3 (≈ 5 ppb). Such concentration can be easily found in indoor air. Over the ppb 
concentration domain, there is no simple and direct method of measurements of these pollutants. 
Therefore, the development of a sensitive sensor easy to use, which can detect BTX in the ppb range is an 
important challenge. Other laboratories are working on similar devices with the same goal [2,3]. 
2. Detection principle 
2.1 The nanoporous sensors
The sensors are nanoporous concave disks, which are produced via the sol-gel process (typical size :  
central thickness ≈ 0.5 mm to 1.0 mm, diameter ≈ 5.7 mm). Due to the high adsorption surface of the 
nanoporous materials (650 m2.g-1) and their pore size, the sensors can entrap efficiently the BTXs. 
Once the benzene is entrapped into the sol-gel dicks, the sensor absorbance increases due to the 
contribution of the benzene absorption. The sol-gel disks acts like benzene concentrators. For the benzene 
detection, the absorbance variation is analyzed at 254 nm. 
2.2 Experimental set-up for the reader 
The gas mixture to be analyzed flows between the disks, in a perpendicular direction to their cylinder 
axis. The detection unit is composed of a deuterium lamp and a cooled spectrophotometer (Fig. 1). The 
Deuterium lamp is a D-2000 from Ocean Optics. It typically delivers 250 μW/mm2/nm at 250 nm. The 
cooled spectrophotometer is a QE 65000 from Ocean Optics. The entrance slit is 200 μm wide. The 
corresponding optical resolution is close to 6 nm. 
Fig. 1. Diagram of the detection system 
The experimental chamber, which contains 5 disks is modular (see Fig. 2). Other designs of disk 
holders to match other disk sizes, other geometries or more disks are possible. The disk holder is the 
intermediate part of the chamber. 
          (a)      (b) 
Fig. 2. (a) Modular chamber with 2 disk holders  (b) Disk holder for 5 disks
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3. Protocol
3.1 Experimental protocol for the measurements 
Firstly, the sensors are typically exposed during 40 minutes to a flow of synthetic air without benzene 
and then with few ppb of benzene with the same flow (i.e. 10 L/mm =10 000 sccm). During these 
processes, the absorbance variation is collected at 254 nm with a spectrophotometer (integration time 
around 1 second). The benzene effect is evaluated by subtracting the slopes of the transmitted light at  
254 nm with and without benzene (Fig. 3). 
Fig. 3. Protocol to determine the variation of optical signal linked to a given benzene concentration. This variation is linked to the 
trapped benzene inside the sol-gel disks. 
3.2. Sensor preparation 
Before applying the experimental protocol previously described, a stabilization phase of the 
transmitted light at 254 nm through the sensors is essential. The lamp stabilization is not discussed in this 
paper. The first stabilization phase without gas flow lasts typically between 8 and 10 hours (phase 1). The 
second phase occurs when the disks are exposed to a synthetic air flow (phase 2). During the phase 2, 
firstly a rise occurs and then a decrease (see Fig. 4). In this paper, the benzene detection begin at the end 
of the phase 2, when the slope becomes linear. Phase 1 and phase 2 could be carried out simultaneously. 
Fig. 4. Sensor preparation before using the sensors for benzene detection 
phase 1 : without gas flow, 8 to 10 hours duration ; phase 2 : with synthetic air flow at 10 L/mm, typically 2 hours duration 
4. Experimental results : benzene calibration curve
By changing the concentration of benzene in the calibrated gas mixtures, a calibration curve is 
obtained (Fig. 6b). The benzene concentration is evaluated by subtracting the slopes of the transmitted 
light at 254 nm with and without benzene (Fig. 6a). A benzene detection of 20 ppb has been successfully 
^ǇŶƚŚĞƚŝĐĂŝƌĂƚϭϬϬϬϬƐĐĐŵ
^ǇŶƚŚĞƚŝĐĂŝƌŵŝǆĞĚǁŝƚŚ
ďĞŶǌĞŶĞĂƚϭϬϬϬϬƐĐĐŵ
^ǇŶƚŚĞƚŝĐĂŝƌĂƚϭϬϬϬϬƐĐĐŵ ƚŝŵĞ
dƌĂŶƐŵŝƚƚĞĚůŝŐŚƚĂƚϮϱϰŶŵ
36000
41000
46000
51000
0 20000 40000 60000
Seconds
Tr
an
s
m
itt
e
d 
lig
ht
 
at
 
25
4 
n
m
 
(a.
u
.) Phase 1 : 
Stabilization under UV without gas
Phase 2 : 
Stabilization with gas flow
Sensors :
Ready for the detection
235 J. Hue et al. /  Procedia Engineering  47 ( 2012 )  232 – 235 
achieved. According to these experimental conditions, it can be estimated, that a slope larger than  
“-0.1 a.u s-1 ” (i.e. inferior to -0.1 a.u s-1 ) are not significant to warn the presence of benzene. 
   
 (a)      (b) 
Fig. 6. (a)  Transmitted light at 254 nm under various benzene concentrations (10 L/mm) (b) Calibration curve with a set of 5 disks  
5. Conclusion and perspectives 
This detection set-up, including five sol-gel disks for the trapping of the pollutants, allows the 
detection of 20 ppb of benzene typically within 2 hours (without taking into account the stabilization 
phases). The stabilization phase under UV might be done collectively before using the sensors. Therefore, 
only a stabilization of 2 hours under synthetic air flow has to be achieved before launching a 
concentration measurement. Presently, a bottle of clean air (10 liters pressurized at 200 bars) is necessary 
for one concentration measurement in using a 10 L/mm flow. 
Many difficulties remain to produce a commercial product. First of all, system and sensor 
repeatabilities have to be stabilized to lead to a generic calibration curve. More work are undergone to 
solve these problems and to evaluate the trapping efficiency of the sol-gel disks for toluene and xylenes. 
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